Abstract Werner syndrome (WS) is an autosomal recessive segmental progeroid syndrome caused by null mutations at the WRN locus, which codes for a member of the RecQ family of DNA helicases. Since 1988, the International Registry of Werner syndrome had enrolled 130 molecularly conWrmed WS cases from among 110 worldwide pedigrees. We now report 18 new mutations, including two genomic rearrangements, a deep intronic mutation resulting in a novel exon, a splice consensus mutation leading to utilization of the nearby splice site, and two rare missense mutations. We also review evidence for founder mutations among various ethnic/geographic groups. Founder WRN mutations had been previously reported in Japan and Northern Sardinia. Our Registry now suggests characteristic mutations originated in Morocco, Turkey, The Netherlands and elsewhere.
Introduction
Progeroid syndromes can be deWned as diseases that present features suggestive of accelerated aging. Segmental progeroid syndromes aVect multiple organs and tissues, whereas unimodal syndromes predominantly impact a single organ (e.g., dementias of the Alzheimer type) (Martin 1978; Martin and Oshima 2000) . The prototypical example of a segmental progeroid syndrome is the Werner syndrome, caused by the mutations at the WRN locus .
The clinical phenotype of WS (WS; MIM# 277700) has been succinctly summarized as a "caricature of aging" (Epstein et al. 1966; Goto 1997) . WS patients usually develop normally until they reach the second decade of life. The Wrst clinical sign is a lack of the pubertal growth spurt during the teen years. In their 20s and 30s, patients begin to suVer from skin atrophy, regional loss of subcutaneous fat, and loss and graying of hair. The loss of fat is progressive and is often associated with characteristic ulcerations around the elbows, and, ankles. The lower limb ulcers are associated with neuropathy and vascular insuYciency; they may eventually require amputation. Other complications include type 2 diabetes mellitus, osteoporosis, bilateral ocular cataracts, gonadal atrophy, several forms of arteriosclerosis (atherosclerosis, arteriolosclerosis and medial calcinosis), and peripheral neuropathy (Leistritz et al. 2007 ). Multiple cancers have been observed by middle age; in contrast to usual aging, however, these include a disproportionate number of sarcomas (Goto et al. 1996) . The osteoporosis is also unusual in that there is disproportionate involvement of the lower limbs. Bilateral ocular cataracts are the most penetrant phenotype. Our recent survey of WS patients with a molecularly conWrmed diagnosis revealed a prevalence of 100% (87/87) (Huang et al. 2006) ; these cataracts were surgically removed at a median age of 30 years. At the time of diagnosis, prevalence of osteoporosis was 91%, hypogonadism 80%, diabetes mellitus 71%, and atherosclerosis 40%. Surprisingly, the median age of death in the most recent study was 54 years, a signiWcant increase over what had been observed several decades ago (Epstein et al. 1966; Goto 1997) , perhaps the result of improved medical management. A similar trend has been observed among Japanese patients (Goto and Matsuura 2008) . The most common cause of death was myocardial infarction (Huang et al. 2006) .
Classical WS is caused by mutations of the WRN gene on chromosome 8. The locus spans approximately 250 kb and consists of 35 exons, 34 of which are protein coding . WRN encodes a 180-kd multifunctional nuclear protein that belongs to the RecQ family of helicases (Gray et al. 1997) (Fig. 1) . Recent structural study revealed a unique interaction between the RecQC-terminal (RQC) domain of WRN protein and the DNA substrates during the base-separation (Kitano et al. 2010) . In contrast to other members of the RecQ family, WRN includes an N-terminal domain that codes for exonuclease activity (Huang et al. 1998) . A domain for single strand-DNA annealing activity is in the C-terminal region (Muftuoglu et al. 2008a) . Its preferred substrates resemble various DNA metabolic intermediates, substrates for which its helicase and exonuclease activities function in a coordinated manner, suggestive of roles in DNA repair, recombination, and replication (Brosh et al. 2006) . The WRN protein is also involved in telomere maintenance. Proliferating Wbroblasts from WS patients exhibit an acceleration of telomere shortening (Opresko 2008) .
There have been approximately 60 WRN disease mutations reported from all over the world (Huang et al. 2006; Matsumoto et al. 1997; Oshima et al. 1996; Uhrhammer et al. 2006) . The majority of these mutations result in truncations of the WRN protein, thus eliminating the C-terminal nuclear localization signal (Suzuki et al. 2001) . Regardless of the site of the mutations, these truncated WRN proteins that lack nuclear localization signals would be unable to enter the nuclei, thus becoming functionally null. This seemed to be satisfactory explanation of why we did not observe noticeable phenotype diVerences among the various common WRN mutations thus far (Huang et al. 2006) .
We now report 18 new mutations, including two genomic rearrangements, two missense mutations, a deep intronic mutation that creates a new exon, and a splice consensus mutation that creates a new splice site. Given the availability of a total of 71 distinct mutations, we have initiated eVorts to associate speciWc mutations with speciWc ethnic/geographical groups around the world. Some mutations appear to be speciWc to certain regions of Europe, the Middle East, and other parts of the world.
Materials and methods

Werner syndrome patients and samples
The International Registry of Werner Syndrome (Department of Pathology, University of Washington, Seattle, WA, USA; http:\\www.wernersyndrome.org) has been recruiting patients suspected of having WS from all over the world since 1988. Referrals were based upon the clinical interpretations of referring physicians and guided by published descriptions of the characteristic signs and symptoms, including a set of criteria developed for the research project that led to the positional cloning of the WRN locus (Nakura et al. 1994; Yu et al. 1996) . These clinical criteria have been recently reviewed (Leistritz et al. 2007; Nakura et al. 1994) . The study has ongoing approval from the University of Washington Institutional Review Board.
Sample processing and preparation
The details of sample processing were described previously (Huang et al. 2006 ). In brief, peripheral blood samples from patients and, when feasible, from members of their nuclear pedigrees, were processed immediately upon arrival for (1) cryopreservation of aliquots of primary cells (buVy coats) and plasma, (2) isolation of DNA and RNA, and (3) establishment of lymphoblastoid cell lines using Epstein-Barr virus. Biopsies of skin were occasionally submitted and were used for the establishment of strains of Wbroblasts. A deWnitive molecular diagnosis of WS was determined based on the results of genomic sequencing of the WRN coding exons and Western analysis of WRN protein (Muftuoglu et al. 2008b ). RT-PCR was employed when the Western analysis revealed an abnormality but the genomic sequence appeared to be wild type or contained polymorphic variants. RT-PCR was also performed when we identiWed mutations at the splice junctions that required conWrmations at the mRNA level (Muftuoglu et al. 2008b) .
Genomic DNA was isolated from blood leukocytes or skin Wbroblasts using a Puregene DNA isolation kit (Gentra Systems). Total RNA was isolated from whole blood using Trizol LS (Invitrogen, Carlsbad, CA, USA) or from the cultured cell pellet using Trizol (Invitrogen), as previously described (Huang et al. 2006 ). PCR, RT-PCR and sequencing of the WRN gene Genomic PCR primes of WRN were designed based on the GenBank reference sequence NG_008870.1 These were designed to amplify all coding exons together with Xanking intronic sequences (50-100 bp) (Muftuoglu et al. 2008b ). RT-PCR was performed with primer sets based upon Genbank reference sequence NM_000553.4 to amplify the WRN cDNA in three overlapping sections . When we suspected large deletions or intronic mutations outside of the regions covered by our standard protocol, additional PCR reactions and sequencing, using additional primers were performed.
PCR and RT-PCR products were sequenced using Big Dye terminator version 3.1 chemistry on an ABI 3730 XL or ABI 310 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). Sequences were analyzed with commercially available Mutation Survey software (SoftGenetics, State College, PA, USA). AVymetrix genome-wide SNP array 6.0 comparative genomic hybridization analysis
The AVymetrix Genome-Wide Human SNP Array 6.0 utilizing more than 906,600 SNPs and 946,000 probes for the detection of copy number variations was used for the detection of possible deletions or duplications at the WRN locus. Quantitative data analyses were performed with GTC 3.0.1 (AVymetrix Genotyping Console) using HapMap270 (AVymetrix, Inc., Santa Clara, CA, USA) as reference Wle. The Segment Reporting Tool (SRT) was used to locate segments with copy number changes in the copy number data with the assumption of a minimum of 10 kb per segment and minimum genomic size of Wve markers of a segment.
Determination of rearrangement breakpoints
The rearrangement breakpoints were ascertained by PCR primer walking using the Expand Long Template PCR System (Roche Diagnostics, Indianapolis, IN, USA). PCR primers were designed based on the GenBank reference sequence NC_000008.10 (NCBI Build 36.1; UCSC Genome Browser on Human Mar. 2006 Assembly (hg18), http://www.genome.ucsc.edu/). PCR products were sequenced as described above.
Results
WRN mutations in WS patients
In our previous review of WRN mutations (Huang et al. 2006) , we reported on a total of 99 WS patients with conWrmed WRN mutations, including 32 new cases. As of January 2010, the Registry had enrolled 130 cases with conWrmed mutations from among 110 pedigrees. We also diagnosed Wve clinically atypical cases shown to be wild type at the WRN locus, all of which exhibited LMNA mutations (Chen et al. 2003) . Forty-one cases submitted to our Registry as possible cases of WS were wild type at both the WRN and LMNA loci. These cases remain of considerable interest, as they may reXect new and novel segmental progeroid syndromes. Figure 1 shows 18 newly identiWed WRN mutations (underlined) along with previously reported mutations (see Supplementary Table 2 for a description). Newly identiWed mutations included two genomic rearrangements, Wve stop codon mutations, two small deletions, four splicing mutations that resulted in exon skipping, one mutation that created a new splice acceptor site, one deep intron mutations that created novel exons, and two missense mutations. We also identiWed a mutation that resulted in the absence of exon 20, but it was not associated with any detectible mutation at the splice junction. While stop codon mutations, small deletions and insertions, and splice junction mutations that cause the skipping of the exons were common among the WRN mutations in WS patients, others are relatively rare.
Genomic rearrangements involving WRN locus
A large genomic deletion was identiWed in a female German patient, Registry# WU1010 (Fig. 2) . The patient was referred to us at age 50 with a deWnite clinical diagnosis of WS. The sequencing of the coding exons showed the heterozygous stop codon mutation, c.171C>G (p.Y57X) in exon 3, but we did not identify any other mutation. Array CGH study revealed a heterozygous gross deletion (>500 kb) encompassing intron 19 of the WRN gene to intron 1 of the NRG1, is located at centromeric (or 3Ј) relative to WRN. Junction fragment analysis conWrmed the array CGH data and revealed an approximately 553-kb deletion, chr8:g.31,089,233-31,642,239del, with a 32-bp insertion of a SINE repeat derived sequence (InsCTCACT GCAGCCTCAAACTCCTGGGTTCAAC) at the site of deletion. The 5Ј breakpoint was within the FRAME sequence that belongs to the Alu repeat at chr8:31,089,153-31,089,298 and the 3Ј breakpoint was within the MIRb sequence at chr8:31,642,175-31,642,390 (UCSC Genome Browser on Human Mar. 2006 Assembly (hg18)).
We also identiWed an increase in copy number of the N-terminal region of the WRN gene in a French patient, Registry# CP97510 (Fig. 2) . In the initial RT-PCR sequencing, we were able to amplify WRN mRNA in three sections but we did not identify any mutations. However, Western analysis showed no WRN protein, which conWrmed the diagnosis of WS. Array CGH revealed an increased copy number (4 copies) of the genomic regions encompassing WRN introns 1 through 19. This could be a homozygous duplication of this region in both homologues of chromosome 8. Alternatively, it could represent a triplication in one allele together with the single copy represented by the other allele.
Unusual intron mutations identiWed in WS patients
The deep intron mutation noted above was homozygous. It was identiWed in intron 26 from a Turkish patient, the oVspring of a Wrst cousin mating (Registry# CO1010). Genomic sequencing of the coding exons and Xanking introns did not reveal the site of the mutation, but Western analysis of proteins derived from an LCL from this subject failed to reveal any WRN protein. RT-PCR sequencing of the coding region of WRN revealed an insertion of 69 nucleotides between exons 25 and 26 (r.3233_3234ins69). The inserted sequence aligned with the region in intron 26, c.3234-159 through c.3234-91 that was Xanked by ttcaaACATC and AAAGGgtaat in the reference sequence. Genomic sequencing targeting to the region revealed an A-to-G substitution at c.3234-160, one that created a new splicing acceptor site, ttcagACATC, consistent with the insertion of the novel exon observed by RT-PCR.
A mutation that alters a splice acceptor site was found in intron 4 of a French Caucasian Werner patient, Registry# AB10010. The subject was a compound heterozygote. The initial RT-PCR sequencing showed a deletion of 11 nucleotides at the 5Ј end of exon 5, r.356_366del11, which would cause a frame shift, p.V119 fs (Huang et al. 2006) . Genomic PCR revealed a splicing consensus mutation, c.356-2A>C. This mutation was reported in another French patient by another group (Uhrhammer et al. 2006) .
We also identiWed a heterozygous exon 20 skipping mutation in a US WS patient, Registry# SI1010, by cDNA analysis. We did not Wnd alterations in exon 20 or in adjacent intronic regions by genomic sequencing in DNA from this subject, however, although there was a common polymorphism, c.2361G>T, p.L787L within exon 20. This patient was also heterozygous for an exon 22 stop codon mutation, p.889X, which would result in the loss of the nuclear localization signal and, presumably, nonsense-mediated decay. The Western analysis of LCL from this patient revealed a trace of WRN protein of the normal size. The steady-state-level of WRN protein in SI1010 was estimated to be approximately 1.1% of the control. These Wndings raise the possibility of a mutation that aVects the splicing eYciency of exon 20. We sequenced parts of intron 19 (4,554 bp in size) and intron 20 (3,414 bp in size), the two introns that surround exon 20. However, we were unable to identify the cause of this presumably leaky mutation.
Novel missense mutations of WRN gene
We also identiWed two missense alterations that are likely pathogenic. One was found in a compound heterozygous patient of German origin (Registry# HN2010). He carried a heterozygous splice site mutation at the junction of intron 17 and exon 18, c.1982-1G>A. That mutation is expected to cause exon 18 skipping at the mRNA level, although we were unable to demonstrate this by RT-PCR because cell materials were not available. He also carried a heterozygous missense alteration in exon 14, c.1720G>A, p.Gly574Arg. We did not Wnd any other nucleotide changes aside from the known polymorphisms. Gly574 is a consensus amino acid within the ATPase motif of the RecQ helicase domain I . Mutation here could be expected to result in the abolishment of ATPase activity.
The PolyPhen program (accessed at http://www.genetics. bwh.harvard.edu/pph/) (Ramensky et al. 2002) predicted that p.Gly574Arg change would be "probably damaging". The SIFT program (accessed at http://www.sift.jcvi.org/) (Kumar et al. 2009 ) also predicted that this alteration would be deleterious.
Another missense mutation was found in a compound heterozygote of Dutch origin (Registry# UT1010). He carried a heterozygous mutation, c.3590delA, p.Asn1197fs, in exon 31, one that had been found in another Dutch Werner patient (Registry# ER1010). Registry# UT1010 also had a heterozygous substitution, c.4049T>G, p.Met1350Arg, in exon 34. We did not Wnd any other changes except for common polymorphisms. The p.Met1350Arg change was located at N-terminal of the nuclear localization signal, NKRRCF, at residues 1,370-1,375 (Matsumoto et al. 1998) and N-terminal of the nucleolar localization signal, RK, at residues 1,403-1,404 (Suzuki et al. 2001) . There are no known overlapping functional domains. The Polyphen program predicted this change would be "probably damaging" and the SIFT program predicted that this change would be deleterious.
Mutations thought to be speciWc for various ethnic-geographic groups
Exon 26 deletions due to a splice site mutation, c.3139-1G>C, in intron 25, have been widely reported in Japanese WS patients Matsumoto et al. 1997; Satoh et al. 1999 ). These are regarded as reXecting a founder mutation. Similarly, deep intronic mutations, c.2089-3025A>G in intron 19 that create a new exon between exon 18 and 19 (r.2088_2089ins106), have been identiWed in 18 WS patients from multiple families in Sardinia (Masala et al. 2007) . In this study, we observed other mutations that appear to be speciWc for various other ethnic-geographic groups. These have been summarized in Table 1 .
We identiWed two Moroccan brothers who carry the same one-nucleotide duplication, c.2179dupT in exon 19 previously found in another Moroccan patient. Two addi- Huang et al. (2006) tional Turkish patients were found to have a splicing mutation, c.3460-2A>G in intron 29, that was previously seen in one Turkish patient. Similarly, a single nucleotide deletion, c.3590delA in exon 31, previously identiWed in a Dutch WS patient was found in a second Dutch patient. While the exon 19 mutation in our Moroccan patients and the mutations resulting in exon 30 skipping in our Turkish patients were all homozygous, c.3590delA in exon 31 was seen as homozygous in one Dutch patient and heterozygous in the other.
While not speciWc to a particular ethnic group, a p.R732X mutation in exon 19 was seen mostly in Italian WS patients, a p.Q1165X mutation in exon 30 was mainly observed in Turkish patients, and a p.R1305X mutation in exon 33 was predominantly found in Japanese WS patients.
A complete list of mutations is given in Supplementary  Table 2 .
Discussion
In this mutation update, we report the analysis of 18 mutations that were newly identiWed or further investigated since our last report (Huang et al. 2006) . Combined with the previously published mutations by our group and those of others, a total of 71 WRN disease mutations have now been identiWed in clinically diagnosed Werner patients. These mutations are summarized in this report. They include 21 stop codon mutations, 25 small deletions/insertions, 17 splicing mutation, 5 missense mutations, 1 intragenic large deletion, and 2 genomic rearrangement extending beyond the WRN locus. Particularly interesting were the genomic rearrangements involving WRN and neighboring loci, deep intron mutations, and missense mutations, all of which are rare among Werner syndrome patients.
In this study, we identiWed an approximately 553-kb deletion spanning intron 19 of the WRN gene to the intron 1 of the NRG1 gene. To our knowledge, this is the Wrst report of the genomic arrangements of WRN involving another locus. The breakpoints were both located within the SINE sequences, one in the FRAME sequence that belongs to the Alu repeat, and the other in the MIRb sequence. We previously identiWed approximately 27 kb intragenic deletion in which the 5Ј breakpoint, chr8:31,078,664, was located within the AluSq sequence at chr8: 31, 078, 078, 870, and 3Ј breakpoint, chr8:31, 105, 734, within the AluY sequence at chr8:31, 105, 105, 924 . Both deletions are likely facilitated by the presence of the repeat sequence that conferred genomic instability in this region (Gu et al. 2008; Hastings et al. 2009; Oshima et al. 2009 ).
The NRG1 gene encodes a signaling protein, neuregulin-1, that is involved in cell proliferation particularly in the central and peripheral nervous system (Holmes et al. 1992; Tan et al. 2007) . Association studies suggested a link between NRG1 with schizophrenia (Stefansson et al. 2002; Tan et al. 2007 ). Our patient did not report any neurological or psychological abnormalities in her early 50s at the time of this report. This may be because there are a number of isoforms for neuregulin-1, many of which lack exon 1 (Tan et al. 2007 ) and the haploinsuYciency of one isoform that contains exon 1 does not present any symptoms. Another possibility is that the patient may be too young to develop symptoms due to the NRG1 mutation.
It has been reported in Japan that approximately 10% of WS patients develop schizophrenia (Goto 1997) . Most of these patients carry the typical Japanese mutation at 26 exon. Association studies of NRG1 polymorphisms and haplotypes among the Werner syndrome patients and the appropriate controls might reveal the role of the NRG1 locus that contributes to higher susceptibility to schizophrenia observed among the Japanese WS patients.
We also identiWed an ampliWcation (4 regions) of the genomic region that includes WRN exons 2 through 18. The copy number change was associated with the loss of normal WRN expression, as evidenced by Western analysis. We think it is equally possible to have a homozygous duplication or triplication in one allele and a single copy in the other allele. However, we have not been able to determine the genomic structure or the breakpoints of this genomic rearrangement; there are too many possibilities, including potential involvements of other chromosomes. Further studies are in progress.
Increasing numbers of pseudoexon inclusions have been seen at diVerent loci associated with human diseases (Buratti et al. 2006) . While point mutations in deep intronic regions that create eYcient splice donor or splice acceptor sites are more common among deep intronic mutations, mutations of intronic splicing regulatory elements within pseudoexons have also been identiWed (Buratti et al. 2006; Pagani and Baralle 2004) . Deep intronic mutations in the WRN gene have been shown to create a new splice donor site (c.2089-3025A>G in intron 18) in multiple Sardinian pedigrees (Masala et al. 2007 ). In this study, an intron mutation that creates a new splice acceptor site (c.3234-160A>G in intron 25) was observed in a Turkish pedigree. Because these mutations can be easily missed, genomic sequencing, Western analysis of proteins, and RT-PCR are necessary for an accurate molecular diagnosis. This is especially important for the patients from ethnic/geographic groups that have known deep intronic mutations.
In a previously published genetic investigation of a French WS patient, we identiWed a splice acceptor consensus mutation, c.356-2A>C, which leads to the utilization of the splice acceptor consensus just at the 3Ј of the mutated site, resulting in 11-bp deletion at the mRNA level. Splice consensus mutations generally result in the skipping of exons. However, there are instances in which another splicing consensus nearby is utilized, as seen in our case. Such Wndings underscore the importance of RT-PCR sequencing for the conWrmation of splice site mutations suspected from the results of genomic sequencing.
We identiWed an instance of heterozygous exon 20 skipping that was not associated with mutations of the splice acceptor or donor sites of exon 20 in a US Caucasian patient. Cell extracts from that subject revealed trace amounts of WRN protein (approximately 1% of those of controls). This is suggestive of a leaky mutation that suppresses the inclusion of exon 20, possibly a mutation in one of the Xanking introns. Because of the relatively large sizes of intron 19 and 20, we have not been able to pinpoint these suspected intronic mutations.
Two pathogenic missense mutations have been observed in our studies. A c.1720G>A, p.Gly574Arg missense mutation was found in the ATPase consensus motif of the helicase domain I . It occurred in a German compound heterozygous patient. Previous biochemical studies using a recombinant WRN protein bearing an experimentally generated p.Lys577Met mutation within the ATPase domain provided evidence that ATPase activity was essential for WRN helicase activity (Gray et al. 1997 ), although we have not identiWed a Werner patient carrying the p.Lys577Met mutation. We speculate that p.Gly574Arg also results in the abolishment of helicase activity and is responsible for the Werner syndrome phenotype in the patient.
Unlike other truncation mutants, this p.Gly574Arg mutant retains the nuclear localization signal that allows the entry of mutant proteins into the nuclei. The p.Gly574Arg mutant protein, although likely lacking helicase activity, is expected to retain exonuclease domains and other functional or interacting domains. The presence of the fulllength p.Gly574Arg mutant WRN protein in nuclei, either homozygous or heterozygous, may give rise to atypical Werner phenotypes. Further follow-up and studies are needed to clarify the genotype-phenotype correlation for this missense mutation.
In addition, the c.1720G missense mutation occurred at the last nucleotide of exon 14; the underlying G-to-A transition might aVect exon 14 splicing if the c.1720G is a part of the splice acceptor consensus. Various splice site prediction programs predicted that this G-to-A change would not grossly aVect the splicing of exon 14. We were unable to rule out the possibility that splicing of WRN exon 14 may be aVected by this c.1720G>A change, however, as we were unable to obtain suitable cell materials from this patient.
Another missense alteration, p.Met1350Arg in exon 34, was found as a heterozygous change in a Dutch WS patient.
He also carried a heterozygous frame shift mutation in exon 31. There is no known functional domain overlapping Met1350. The closest functional domain is the nuclear localization signal at residues 1,370-1,375. Two programs, Polyphen and SIFT, predicted that this change would be deleterious, as methionine at residue 1,350 is well conserved across species.
Our evidence of mutations that were speciWc for particular ethnic/geographical groups are consistent with mutational founder eVects (Zlotogora 2007) . These conclusions are of clinical importance, as they provide guidance for more focused molecular genetic diagnostic studies. They also can guide research on potential vulnerabilities of heterozygous carriers, an important and neglected area of public health research. We note, for example, that canonical mutations in Japan permitted estimates that the prevalence of heterozygote carriers was approximately 1/167 (Satoh et al. 1999) . The prevalence of heterozygous carriers in Sardinia was estimated to be of the order of 1/120 (Masala et al. 2007 ). Our study has provided evidence of additional such examples: an insertion, c.2179dupT in exon 19, in Moroccan pedigrees and a splice site mutation, c.3460-2A>G, that causes exon 30 skipping in Turkish patients. Among the mutations found in Caucasian WS patients, a speciWc deletion in exon 31 (c.3590delA, p.N1197fs) was seen only in two patients from The Netherlands. We anticipate that additional examples of potential founder mutations eVect will be identiWed among various populations as we continue to expand our International Registry.
